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(57) Abstract: A digitizing tablet (190) for use in handwriting analysis is described. The tablet includes a digitizing layer (1920) for 
Q translating pressure from a stylus (193Q) into digital information, a display layer (1910) for providing visible output that corresponds 
to a student's use of the stylus (1930) on the tablet, and an overlay layer (1900) for protecting the display layer (191D) and providing 
an electro-mechanical mechanism for erasing the displayed contents, 
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AN INTERACTIVE. COMPUTER-AIDED 
HANDWRITING METHOD AND APPARATUS WITH ENHANCED 
DIGITIZATION TABLET 



BACKGROUND 

5 The present invention relates generally to educational methods at the classroom 

and individual level, as well as systems for implementing such methods. More 
particularly, the present invention relates to an educational method which combines 
audio-visual and computer technology to shift the teacher's role away from, mass pupil 
instruction and paperwork and back to the more traditional role of helping each 

10 individual student with his or her unique educational difficulties. Of particular 
significance in this application are methods and apparatus directed to teach 
speech/language skills to students. 

Classroom teaching methods have changed very little since the early days of our 
country. The bedrock of education remains the teacher or professor lecturing to groups 

15 of students, commonly in conjunction with a text. Homework is assigned to reinforce 
the lessons learned in class and tests are administered to measure students' aptitude and 
retention of the material. At the early levels of education, the setting for this 
instruction has and continues to be the schoolroom, public or private, where a teacher is 
responsible for a group of, for example, fifteen to forty students. 

20 The conventional classroom method of teaching a subject typically involves a 

lesson plan which includes a plurality of lectures each having an associated written 
homework assignment for the student to reinforce the lecture. The teacher collects and 
evaluates the homework and occasionally gives tests to measure the students 1 retention 
of the material. The teacher is also required to perform a multitude of other subsidiary 

25 tasks, such as report card generation and parent-teacher conferences, to keep the 

community satisfied with both the students' and the teacher's performance. Thus under 
the conventional classroom scenario, teachers must split their time to assume the roles 
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of admi ni strator and public relation officer, as well their supposedly primary role of 
teacher. . 

Educators have long recognized that while the classroom scenario provides 
economies of scale, one drawback is that students of different ages and aptitudes learn 
5 at differing rates and with the need for varying amounts of individual attention. This 
recognition led to the availability of private tutoring, for those who could afford such, 
provides more flexibility to meet an individual student's needs. On the other hand, 
private tutoring has also been criticized since it does not provide the student with the 
opportunity to develop social skills which is inherent in the classroom setting. 

10 Although this traditional method of education has changed little over the years, 

the amount of information which students need to assimilate to be considered well 
educated continues to increase geometrically. This fact is graphically illustrated by the 
technological wonders which surround us such as microcomputers, DNA mapping, 
videophones, the Internet, etc. The increase in information puts a correspondingly 

15 greater burden on teachers to try to cram more learning into the same amount of time, 
which leads to an associated increase in the amount of paperwork to be handled. 
Moreover, as fiscal resources grow more and more scarce, teachers have been required 
to handle even larger groups of students resulting in even less individual attention. 
Although these problems are rapidly becoming more acute, they have been 

20 acknowledged by educators for many years. Many countries have reacted by adding 
more days to the school year or sending children to school at an earlier age so that 
students have more time to acquire the additional knowledge necessary. This solution, 
however, will only provide short term relief since there is only a finite amount of 
additional learning time which can be reasonably added to students' schedules, while 

25 our knowledge base will always continue to expand. Additionally, increasing the 

school year further aggravates the fiscal problem of education by requiring even greater 
economic resources and putting greater pressure on teachers. 

Educators have also experimented with alternate teaching methods, such as self- 
study programs and videotaped lectures, to both more efficiently use teachers' time and 

30 to provide an element of individuaUty to a student's study program. Although these 



WO 01/86612 



PCT/US01/40686 



types of methods are somewhat successful at higher levels of education, they are 
generally ineffective at lower levels where younger students lack the discipline to teach 
themselves. 

Another approach has heen outlined in the afore-incorporated by reference 
5 patents to John Lee et al. Therein, interactive educational methods and systems are 
described which provide a flexible alternative to the conventional classroom educational 
method. These educational methods integrate technology and learning in a manner 
which is specifically designed to make learning more effective for both students and 
teacher. For example, the computer-aided techniques describe therein relieve the 

10 teacher of many of the non-teaching burdens discussed above, while also giving the 
student the opportunity to learn at his or her own pace. These systems also provide an 
interactive, audio-visual system which will encourage each student to learn at his or her 
own individual pace and using teaching techniques that are adapted to promote learning 
according to each individual's strengths and weaknesses. Moreover, each student is 

15 provided with instructional reinforcement in the form of questions and his or her 
performance will be monitored by the system. If a student has difficulty with a 
particular area, the system will alert the teacher who can then provide additional help. 

Another area of teaching in which it would be desirable to provide creative, 
computer-aided solutions is handwriting education. This type of education focuses on 

20 teaching students how to correctly write letter, words and sentences. Recent 

technological advances in the area of digital handwriting analysis have provided the 
building blocks upon which computer-aided educational techniques can advance into the 
realm of handwriting education. Digitizing tablets, per se, exist for many functions, 
e.g., to capture a person's signature as part of a financial transaction involving the use 

25 of a credit card. 

An example of a computerized method and apparatus for teaching handwriting 
which uses this type of technology is found in U.S. Patent No. 5,730,602, the 
disclosure of which is incorporated here by reference. Therein, a computerized system 
prompts a student to use a digitizing pen to write a character on a digitizing surface. 

. 30 The digitizing surface may include a thin LCD display on top of the digitizing tablet 



WO 01/86612 



PCT/US01/40686 



itself in order to provide visual feedback to the student of his or her handwriting 
without the need for the student to loolc up to another display. The digitizing tablet 
captures various parameters associated with the student's handwriting on the digitizing 
surface, e.g., pen tilt angle, (x,y) coordinates of the pen tip, pen tip height and timing 
5 for each pixel. These captured values are then used to analyze the student's 
handwriting and provide feedback with respect thereto. 

While the '602 patent addresses certain aspects of computerized handwriting 
analysis for education purposes, it still represents only an initial effort. The entirety of 
the process should be fun and functional. The digitizing table used in the '602 patent is 
10 not specifically designed for handwriting analysis in the classroom and appears to be the 
same as that used to capture a digital signature for a credit card purchase. The present 
invention addresses this challenge and provides methods and systems for interactive, 
computer-aided handwriting education. 

SUMMARY 

15 A digitizing tablet for use in handwriting analysis is described. The tablet 

includes a digitizing layer for translating pressure from a stylus into digital information, 
a display layer for providing visible output that corresponds to a student's use of the 
stylus on the tablet, and an overlay layer for protecting the display layer and providing 
an electro-mechanical mechanism for erasing the displayed contents. 



BRIEF DESCRIPTION OF THE DRAWINGS 

These and other advantages and objects of the invention will become more 
apparent from the following detailed description of the preferred embodiments when 
read in conjunction with the attached Figures in which: 
25 Figure 1 illustrates a block diagram of the elements of a system for 

implementing the educational method according to an embodiment of the present 
invention; 
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Figure 2 sets forth a flow chart which indicates an overall sequence of events 
according to a preferred embodiment of an educational method according to the present 
invention; 

Figures 3 and 4 illustrate flowcharts describing subprocesses of the sequence 
5 described in Figure 2; 

Figure 5 is a flow chart illustrating another exemplary embodiment of the 
present invention; 

Figures 6-16 depict exemplary interface screens of a teacher's workstation 
according to exemplary embodiments of the present invention; 
10 Figure 17 is a flowchart describing an exemplary speech education method 

according to an embodiment of the present invention; 

Figure IS is a block diagram depicting the general hardware and software 
elements associated with implementing the method of Figure 17; 

Figure 19 depicts an exemplary handwriting analysis tablet according to 
15 exemplary embodiments of the present invention; and 

Figures 20(a)-20(c) depict other designs associated with handwriting analysis 
tablets according to the present invention. 



DETAILED DESCRIPTION 

In the following description, for purposes of explanation and not limitation, 
20 specific details are set forth, such as particular circuits, circuit components, techniques, 
etc. in order to provide a thorough understanding of the present invention. However, it 
will be apparent to one skilled in the art that the present invention may be practiced in 
other embodiments that depart from these specific details. In other instances, detailed 
descriptions of well-known methods, devices, and circuits are omitted so as not to 
25 obscure the description of the present invention. 

A system for implementing the educational method according to an exemplary 
embodiment of the present invention will be described with reference to Figure 1 . In 
this exemplary embodiment it is envisioned that each student will be provided with a 
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workstation 10 that may comprise all of the devices indicated in black form within the 
dotted lines of Figure 1 linked together via system bus 12. The workstation 10 can, for 
example, be microcomputer and the CPU 14 could be that which is part of the 
microcomputer. For example, an IBM PC having an Intel 80386, 80486 or Pentium* 
5 microprocessor could provide the platform for the workstation. Alternately, more or 
less powerful computer systems could be used. 

The workstation 10 can be integrated within or around an ergonomic 
environment. Each station can include an ergonomically designed chair (not shown) so 
that the student can remain comfortably seated for extended periods of time. The 

10 display 16, which can be a conventional VGA monitor attached via a serial port to the 
system bus 12, can be mounted within a student's desk under glass at about a 45 degree 
angle. By providing workstations having the display 16 mounted under glass, the 
classroom as a whole is uncluttered and the teacher is able to readily observe both 
students and their respective workstation displays. Alternately, the display can simply 

15 rest on the desktop. In some preferred embodiments of the invention, the display will 
be touch sensitive so that a student can enter data and respond to questions from the 
computer via the screen. 

The keyboard 18, floppy drives 20, and hard drive 22 are all conventional 
components attached via suitable interfaces to the CPU 14. The auxiliary input device 

20 24 can be any type of pointing device such as a mouse, digitizing tablet or light pen. 
The CD-ROM device 26 and laser disk 28, for providing text data and video data, 
respectively, are also of a conventional design and can be either built-in to the 
workstation or provided as stand-alone models. Full screen video presentations, or 
partial screen windows or video presentations, can be stored on CD or laser disk using, 

25 for example, an IMPEG compression technique. 

Each of the TV input module 30, audio interface 32, and stereo input module 34 
can he off-the-shelf boards which are designed to plug into the expansion slots of a 
microcomputer in a known manner. The TV input module 30 is a board which allows a 
computer to receive television signals via either antenna or cable and convert those 

30 signals into image signals which can be displayed on all or part of the display 16. The 
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audio interface 32 is an input/output board which allows the computer to send sounds, 
including voice and music, to a student via headphones (not shown) which plug into the 
board and receive such sounds via a microphone (not shown). Alternately, the audio 
interface could simply be a speaker which would be connected to a sound board and/or 
5 a voice synthesizer as is well known in the art. The stereo input module 34 is a board 
which allows the microcomputer to receive radio transmissions or signals from a tape 
player, CD player or any other type of audio device, which a student could listen to as 
background music. Printer 36 can be any type of microcomputer compatible printer, 
including dot matrix, inkjet or laser printer, which communicates with the CPU in a 

10 known manner. 

All of the student workstations are in constant communication with a teacher's 
workstation 40 via a LAN interface 42 and local area network (LAN) 44. As described 
in more detail below, this real-time communication between student workstation and 
teacher workstation allows the teacher to be informed of the students' progress and 

15 activities as well as allowing the teacher to tailor instructional programs for each 
student. 

The foregoing description will be understood by one skilled in the art as merely 
an example of one system which could be used to implement the various embodiments 
of the educational method of the present invention described in detail below and that 

20 various other configurations and devices could also be used. Reference to the 

conventionality of the various I/O devices described above is made merely to emphasize 
that one skilled in the art will recognize that the system described in Figure 1 can be 
implemented using known interfaces and software techniques. 

Initially, one advantageous feature of the educational method according to the 

25 present invention is that courseware can be uniquely developed for each class, school, 
school system or any other segment of a student population so as to provide a 
curriculum desired by the educators using the system and method of the present 
invention. The term "courseware" as used throughout this specification is meant to 
comprise the combination of control programs and data which provide each lesson to 

30 the student at a workstation and includes, for example, both the information stored on 
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the hard, drive, laser disk, and CD-ROM, as well as that input through the TV input 
module, and the programmed presentation of that data. The phrase "lesson segment" is 
used to denote a block of material presented to a student which is intended to be viewed 
and interacted with in one sitting, typically 15-40 minutes. A lesson segment can also 

5 be a test which evaluates the student's retention of one or more lesson segments or a 
whole semester's worth of material. 

As a simplified example, history courseware dealing with the American 
Revolution might comprise a plurality of lesson segments. One lesson segment might 
include, for example, a narrative story of George Washington's role in the revolution. 

10 The text of the story, read from the CD-ROM, might occupy one half of the display 
while illustrations, from the laser disk, occupy the other half of the screen. After each 
segment of the lesson, the program could test the student's comprehension by asking the 
student to answer a series of questions via the keyboard which relate to the previous 
segment of the lesson. 

15 Thus the teacher or school system can select material including, for example, 

text, illustrations, length of lesson and questions to be answered, to comprise the 
courseware for any subject. This courseware development step in the educational 
method according to the present invention advantageously provides teachers and parents 
with the opportunity to create and update the educational material for presentation to the 

20 students. 

One skilled in the teaching art will appreciate that many other teaching tools 
could be integrated into the courseware, in addition to those mentioned above, to 
present various topics. For example, some topics, such as biology, are particularly 
conducive to teaching via film presentation. This material can be input via the TV 
25 input module, or presented as computer video decompressed from a CD, and displayed 
while an accompanying voice description is listened to by the student on the headphone 
set. 

Next, Figure 2 illustrates an exemplary preferred embodiment of an overview of 
an educational method according to the present invention wherein the student is using 
30 the workstation and the system has been loaded with the developed courseware. In 
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block 100, the teacher initializes the system and then the students enter their homework 
assignments from the previous day into the system at block 110. The homework 
assignment can be entered manually by the student typing the answers on the keyboard. 
Alternately, an optical scanning device (not shown) can be provided which is used to 

5 scan the homework paper.and digitize the answers. In either case, the homework 

answers are compared to the expected answers by the CPU of each workstation and the 
results transmitted via the LAN to the teacher's workstation as indicated by block 120. 
The homework answers are stored in database files corresponding to each student name 
or ID number in the hard drive at the teacher's station for future use. 

10 The teacher and/or a system program can then use the results of the homework 

assignments in conjunction with each student's progress, which has been stored in 
another database file at the end of the previous day, to assign lesson segments to each 
student as the process flow continues to block 130. Alternatively, lesson assignments 
can be determined solely on the basis of each student's progress and homework can be 

15 used either as a measure of retention or as a pretest. This assignment process allows 
the teacher and/or a system program to determine how much and what type of material 
each student can access for a given period of time, and provides the first of several 
opportunities for the teacher and/or' system program to tailor each student's individual 
learning program. 

20 Within the system, this assignment process is controlled by the CPU of the 

teacher's station which downloads the control programs corresponding to the lesson 
segments selected by the teacher and/or a system program from the hard drive or other 
storage device of the teacher's workstation to the selected student's station through the 
LAN. Alternately, a single control program could be downloaded to, or stored on, the 

25 students' workstations which will allow selection of lesson segments stored on the hard 
drive of each student's workstation. When run by the student these control programs 
access the various information storage devices to retrieve the audio and visual data, 
created for each lesson segment. 

ha block 140, the process flow moves to the next step of displaying the main 

30 screen at each student work station. In addition to lesson segments, this screen can also 
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include selections such as games, movies or educational video programs, and creative 
writing or drawing activities. These selections, can also be chosen by the teacher, 
student, and/or a system program and can be downloaded through the LAN to each 
student workstation. As mentioned briefly above, depending on the educational level at 
5 which the system and method are being implemented, the student can make selections in 
a variety of ways. Younger students, for example, can make a selection by touching 
color-coded figures displayed on a touch-sensitive screen. More advanced students can 
make a selection by using the workstation's pointing device to click on the appropriate 
icon. 

10 In decision blocks 141, 143, 145, and 147, the process flow checks to see which 

selection is made from the main screen. For exemplary purposes only, the choices of 
LESSON SEGMENT, GAME, VIDEO and END are illustrated in Figure 2, however it 
is to be understood that many other different types of selections can be provided. Based 
on the determined selection, an appropriate subroutine 142, 144, 146, or 148 is 

15 executed. The LESSON SEGMENT selection will now be described with reference to 
Figure 3 which illustrates an exemplary flowchart breaking down some of the steps of a 
lesson segment subroutine as diagrammatically indicated at block 142. 

A control program corresponding to the selected function which was previously 
stored on the hard drive or other storage device of the student's workstation during the 

20 assignment process is initiated in block 152. Prior to presenting a lesson, a pretest can 
be performed to determine the student's current level of comprehension of a subject. If 
the student's comprehension is sufficiently high, then the lesson presentation may be 
skipped and the student can be quizzed on this topic. Otherwise, the student then 
watches and listens to the audio-visual presentation created by the control program as 

25 the process flow continues in block 153. For example, a series of mathematics 

problems may be presented on display 16. using computer-driven video of a teacher's 
prerecorded lesson. The control program will also provide software control options for 
the student such as adjustment of speed or volume of the presentation and the ability to 
stop and restart the presentation so that the student can take a break or ask the teacher a 

30 question as discussed below. 
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At decision block 154 title control program checlcs to see if it has presented all of 
the material for the lesson segment. If so, the subroutine ends and the control program 
goes to block 180 in Figure 3 to execute a quizzing subprocess described below. If not, 
the control program polls various flag variables associated with the commands available 

5 to the student during the presentation as shown at decision block 156. If a flag has not 
been set, the control program loops back and continues displaying material at block 153 
and then again checks if the lesson segment is over. If a flag has been set, indicating 
that the student wants to change or stop the presentation, the flow proceeds to a 
decision tree to implement the corresponding subroutine. 

10 A first such exemplary subroutine is shown beginning at decision block 158, 

wherein it is asked whether the flag representing the STOP command was set. If not, 
the flow proceeds to the next command checking decision block 160. If the student has 
activated the stop command, the process flows to decision block 159 where the student 
is asked if he or she wishes to save the current position in the lesson segment and return 

15 to the main screen. If so, a pointer indicating a last displayed time frame in the lesson 
segment is stored and the process goes back to block 140 in Figure 2. Otherwise the 
presentation is temporarily frozen at block 162. Next, the control program checks to 
see if the student has activated the restart command at decision block 164. If so, the 
process flow returns to block 153 and continues to display material in that loop. If not, 

20 a counter is incremented at block 166 and the count is compared, at block 168, to a 
predetermined number, for example, a number equal to 5 minutes, to see if the teacher 
should be notified of the delay. If the current number is equal to the predetennined 
number, a message is sent over the LAN to notify the teacher at block 170, otherwise, 
the process flow loops back to again check if the restart command has been given. 

25 The SPEED and VOLUME control commands are checked for and implemented 

at blocks 160, 172, 174, and 178 in a similar manner. Since these functional 
subroutines are not themselves part of the present invention and are well known in the 
art, they are not described in farther detail herein. Moreover, one skilled in the art will 
appreciate that a plurality of other commands can be made available to the student by 
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simply adding such subroutines to the decision tree and providing icons or areas of a 
touch-sensitive screen which will set a flag corresponding to that function. 

After a lesson segment has finished being presented, the control flow according 
to this exemplary embodiment of the present invention goes from decision block 154 to 
5 block 180 which executes a quiz subroutine illustrated in more detail in Figure 4. At 
the end of each lesson segment, which can be designed at the courseware level to be of 
an optimal attention span length for the intended grade level of the student, typically 
there will be a series of questions retrieved from a database of questions associated with 
the particular lesson segment for the student to answer at block 182. The student enters 

10 his or her responses via the keyboard and the workstation CPU compares these 

responses to the correct answers stored in the database at blocks 184 and 186. The quiz 
can be time limited as discussed below. If desired, a grade on the student's responses 
can be generated and transmitted to the teacher's station for storage in the student's file. 
At decision block 186, if the student has correctly answered all of the questions 

15 the flow loops back to the main screen block 140 of Figure 2, whereat the student can 
access another lesson segment, request recreational material, or end for the day. If the 
student has incorrectly answered some questions, the process flow loops back to block 
153 of Figure 3 and the program retrieves and replays only material relating to those 
questions which were missed. This replayed material could be excerpted from the 

20 original presentation or it could be new material specifically designed to explain the 
correct answer to each incorrectly answered question. The process of replaying this 
material includes all of the steps discussed above with respect to subroutine block 142 
and the subroutines of Figure 3. Alternatively, the presentation of remedial material 
might occur only when a student's quiz score is below a predetenruned threshold. 

25 After playing this remedial material, the same or different questions as those 

previously answered incorrectly will again be displayed and answered at blocks 182 and 
184. The workstation CPU will again check the answers at decision block 186 and 
transmit the results to the teacher's station for storage. If all of the answers are correct, 
the process flow returns to the main screen block 140. If, however, after a 

30 predetennined number of tries the student still fails to grasp the material and answers 
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some questions incorrectly, the process flows to block 190 and the student's 
workstation will send a message to the teacher's workstation indicating which material 
the student is having problems with. The teacher can then use his or her own methods 
to personally help the student to grasp the material. 

5 According to another exemplary embodiment of the present invention, a 

curriculum database provides different ways of presenting the concepts contained in 
lesson segments. For example, the same lesson segment can correspond to plural 
presentations stored in the curriculum database, each of which is based on a different 
teaching style, format and/or media. Thus, each lesson segment will have 

10 corresponding presentations stored in the curriculum database which emphasize, for 
example, voice or other audio information, pictures, animation, symbolism, analogy, 
repetition, and combinations thereof. Of course those skilled in the art will appreciate 
that these are only a few of the different media and different teaching styles which can 
be combined to provide different presentations for a particular lesson segment. 

15 An exemplary usage of a curriculum database according to the present invention 

will now be described. Suppose that a student is working on a lesson segment in 
Algebra that is intended to convey the relationship between the equation y = mx + b 
and a line on a graph. The student first works with an animated presentation that 
illustrates how the equation y = x + 1 corresponds to a line which has slope 1 and 

20 intersects the y-axis at coordinate (0,1). For whatever reason, the student does not 

master this topic after working with this lesson segment, this lack of mastery indicated, 
for example, by the quizzing subroutine of Figure 4. 

The system then branches back to block 153 of Figure 3, as earlier described, 
for the presentation of additional material. In this case, the additional material 

25 comprises all or part of a different presentation which corresponds to this Algebra 

lesson segment. For example, the system could provide a presentation which uses an 
audio and ''hands on" approach, taking the student step-by-step through a process that 
asks the student to draw a graph on a piece of paper, write down the equation y = x + 
1 and draw in points which come from the equation. This particular student, who 

30 happens to grasp things better by actually doing them, now understands the concepts 
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which eluded him or her after the first presentation and subsequently passes the next 
quizzing segment so that he or she can move on to new challenges. 

Of course the foregoing is merely an example, and these presentations could 
have been described as being in the opposite order, the point being that different 
5 approaches to presenting the same material are provided by the curriculum database to 
prevent frustration on the part of the student and accelerate the learning process. 
Moreover, die system can learn the idiosyncracies of the individual students and present 
lesson segments accordingly. Thus, if for example some students grasp material more 
quickly based on audio presentations, their first presentation of a lesson segment can be 

10 one which has been predetermined to emphasize audio stimuli. If, on the other hand, 
other students react better to visual presentations, their first presentation can be one 
which has been predetermined to emphasize visual stimuli. 

The system can learn the idiosyncracies of the students by conventional means, 
e.g., artificial intelligence, expert systems, simply generating statistics based on the 

15 number of questions answered correctly after working with each category of 

presentation type, etc. This information can be compiled and stored in the LAN 44 or 
the teacher's workstation 40 and used to generate a preference ranking that tailors the 
order of initial presentation and remedial presentations for each student. Alternately, or 
in combination with this automatic method, the teacher can designate this order or any 

20 part thereof for all or any number of students. The teacher can also temporarily 

override the presentation preferences of each student. If, for example, it is desired to 
test a new presentation package which has been added to the curriculum database, then 
the teacher could override the presentation ranking so that each student first accesses 
the new package for a particular lesson segment. 

25 In addition to lesson segments, blocks 144 and 146 generally indicate game and 

video subroutines, respectively, which can be selected by a student from the main 
screen if they have been sent to the student workstation by the teacher and/or a system 
program. These selections can be used to reward the student or merely to provide a 
break from the more educational materials. Like the lesson segment function described 

30 above, the selection of these functions initiates a control program which allows the 
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student to play a game or watch a program for a predetermined time. After the 
predetermined time has elapsed, the program will return the student to the main screen 
where only lesson segment selections will he available so that the student can complete 
the assigned lessons for the day. Further detail regarding particular games and video 
5 programs and their control are beyond the scope of this disclosure and can be readily 
implemented using conventional means. Again it should be noted that games and 
videos are detailed herein only as examples of other functions which can he integrated 
into the system and method according to the present invention and that many other 
selections and functions can be readily implemented by one skilled in the art. 

10 The END function which is recognized by decision block 147 and implemented 

at block 148 of Figure 2 can be selected by the student at the end of the day or as a 
logoff feature if other students need to use the workstation. Housekeeping software 
will update the database files at the teacher's station regarding the student's activity 
during the session being terminated. Homework for the following day corresponding to 

15 the lesson segments completed during the session can be can be retrieved from memory 
and generated by the printer. Additionally, progress reports or remedial notes can be 
generated at the printer for the student to take home to his or her parents. 

The teacher's workstation 40 can comprise a system similar to that of the student 
workstation 10 which maybe enhanced to provide sufficient processing resources to 

20 control the LAN and provide monitoring capabilities of each of the student workstations 
tied into the LAN. The teacher's workstation can include a more powerful CPU, larger 
on-board memory and a larger hard drive to store, for example, all of the various 
databases used to store information received from the students' workstations. In 
addition to the functions discussed above, the teacher's workstation also provides the 

25 teacher with other capabilities including, editing the databases associated with the 
materials and questions of the lesson segments and report generation features which 
allow the teacher to easily generate grade reports on any or all of the students. An 
exemplary teacher's workstation will now be described with respect to Figures 6-16 
which show exemplary interface screens. 
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Figure 6 depicts a first menu from which a teacher may select various 
submenus, the classroom shutdown command or the quit command. The class 
shutdown command provides a way in which the teacher can signal the students 1 
workstations that, for example, the end of a class period is approaching and that 

5 students should not be permitted to access additional lesson segments which might 
extend beyond the end of the classroom period. The classroom setup submenu is 
illustrated in Figure 7. Therein various functions including adding or changing a 
student's information, deleting a student, printing the classroom lists, and printmg 
logon names are provided. An exemplary screen for adding or changing a student 

10 appears as Figure 8. 

The lesson setup or lesson maintenance menu is illustrated as Figure 9. Each of 
the first five options listed from the top of this menu have examples thereof shown in 
Figures 10-14. By clicking on the print lesson information option, the teacher has the 
ability to capture information regarding the lessons in printed form. As can he seen in 

15 Figure 10, each lesson segment can be presented to the students in any order desired by 
the teacher. For example, the teacher could change the numbers indicated in the 
"lesson order" column to change the order of lesson presentation based upon his or her 
teaching experience. 

Figure 11 shows an exemplary chapter test location menu which allows the 

20 teacher to selectively detennine when quizzing will be performed relative to the 

presentation of the lessons. Additionally, a teacher can exclude certain lessons from the 
quiz as desired. Figure 12 shows an exemplary interface which can be used for the 
teacher to determine what score on a quiz will allow a student to proceed to the next 
lesson. For example, a threshold score can be entered in the "Grade" column which 

25 will allow a student to proceed to the next lesson. Each quiz can have its own score for 
passing individually determined by the teacher or a universal threshold could be 
provided for all quizzes. 

Figure 13 displays an interface which can be used at the supervisory station to 
provide a maximum quiz time within which period a student must finis h taking a quiz. 

30 At the end of this maximum time, the system would then evaluate the student's current 
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responses and provide a grade or score. The homework editor screen of Figure 14 can 
be tised by the teacher to associate various assignments with each lesson presented by 
the system. Thus, at the end of a class (as indicated by the teacher shutting down the 
classroom) homework can be generated based upon the entries and changes made by 
5 teacher on this screen. 

Figure 15 illustrates a gradebook menu screen which allows the teacher to easily 
output grades either as a hard copy or to the teacher's display. Although the screen 
shows two examples of ways in which grade information can be output, those skilled in 
the art will readily appreciate that the grade database can be queried in anumber of 

10 different ways to produce different reports. One exemplary report is illustrated as 
Figure 16. In this screen, the students are alphabetized and their scores and progress 
through each lesson segment is both graphically and numerically portrayed so that a 
teacher can use this gradebook screen to quickly determine which student or students 
are having problems with which particular lesson segments, i.e., by looking at the color 

15 coded indications on the screen. 

According to another exemplary embodiment of the present invention, speech 
education can also be provided as a feature of the aforedescribed system. As mentioned 
above, speech education according to the present invention refers to techniques which . 
are more interactive and dynamic than conventional speech recognition. An example 

20 will be provided using the flowchart depicted in Figure 17 as well as the conceptual 
block diagram of Figure 18 which identifies some of the hardware and software 
components involved in the speech education techniques according to the present 
invention. 

First, speech education according to the present invention provides the ability 
25 for the system to provide one or more visual and/or audible examples of phonemes, 
syllables, words, phrases or sentences that are the object of the lesson. This can be 
accomplished by, for example, an object word "theatrical" being displayed on display 
16 and a correct pronunciation thereof output as synthesized speech from audio 
interface 32 (e.g., via speaker(s) 1800). As with the earlier described embodiments, 
30 the manner in which examples are provided by the system, e.g. , a straightforward 
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visual representation of the word, a picture reinforcement illustrating the word, a visual 
representation of the word made up of its composite phonemes (as in the dictionary, 
typically to the right of the word itself), an audio segment of a speech professional 
saying the word or an audio segment of a speech professional saying each phoneme that 
5 makes up the word individually, can be established by the teacher using me teacher's 
workstation 40 to set the parameters for the speech education class, at the student's own 
workstation 10, or by the system based upon the student's own preferred learning style 
as reflected by a pattern of correct/incorrect responses. For example as in the previous 
embodiments, the system can initiate the lesson using a first style of example (audible 

10 repetition of the object word) and, for failed attempts, can repeat the example with a 
reinforcing example which emphasizes a different stimuli (e.g., a visual or audible 
phonetically broken down version of the word) . Moreover the number of repetitions 
of each example is also variable by the system, e.g., under the control of the teacher at 
the teacher's workstation 40. 

15 The example or examples can be provided to the student in conjunction with the 

the courseware's display of educational aids on the display 16 via graphical user 
interface (GUT) 1804. In this instance the courseware is referred to as application 
software layer 1806 to refer to its interface and control functionality for speech engine 
1808 (described below) and GUI 1804. The speech objects of interest can, for 

20 example, appear to be pronounced by an educational character displayed on display 16. 
Once the example or examples have been provided, the student will be 
prompted to repeat a speech object at step 1702. This prompt can also be visual, 
audible or both. Additionally, it may be useful to prompt the student to repeat the 
speech object multiple times, e.g., in order to allow the system to grade and average 

25 multiple responses to provide a more accurate assessment of the student's ability to 
properly pronounce the object. The student's responses are captured by the system, 
e.g., by a microphone 1S02 which is included in audio interface 32 of the student's 
workstation. Depending upon the ambient conditions, various approaches and 
techniques can be implemented to enhance the process of capturing an accurate 

30 electrical representation of the responses uttered by the student. For example, the 
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micropttone 1S02 can be implemented as a so-called horn microphone having a 
conically-shaped input element designed to runnel the speech input into the transducer 
which captures the speech information. Additionally, or in the alternative, echo 
cancelling techniques and other noise reduction signal processing techniques, which 
5 signal processing techniques are well known in other arts, e.g. 1 , cellular telephones, can 
also be added to improve the captured speech information. Once captured, the 
student's responses are recorded e.g., in any of the memory devices associated with the 
student's workstation 10 (e.g., hard drive 22), the LAN 44 or the teacher's 
workstation. 

10 Having captured the student's response(s), the next step 1706 in interactive 

speech education techniques according to the present invention is to evaluate those 
responses. This can be accomplished using any suitable software speech engine 1808 
designed for the purposes of speech evaluation. However, Applicants have detenrtined 
that it is preferable that the software engine be able to analyze the speech object 

15 responses at a phoneme level rather than a word level. Accordingly the software engine 
which is selected for this task should be capable of breaking down the captured 
responses into their individual phonemes and grading the pronunciation of each 
phoneme. An example of this type of software engine is that produced by IdiomaLtd., 
an Israeli company having a place of business at 15 Maskit Street, Herzeliya, 46733, 

20 Israel. The interested reader can find additional information about this exemplary 
software engine at http://www.idioraa.co.il, the disclosure of which is expressly 
incorporated here by reference. Those skilled in the art will appreciate, however, that 
other speech evaluation engines could also be used to implement the present invention. 
The output of the software engine 1806 is further processed by the application 

25 software 1804 running on workstation 10 to detennine an appropriate reinforcer based 
on the evaluated responses. For example, the software engine 1806 may provide as an 
output a numerical grade of each phoneme in the recorded version or versions of the 
speech object. This output can then be evaluated by the application software to provide 
a suitable reinforcer and/or to detennine and perform a repetitive exercise intended to 

30 correct a mispronounced word. 
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For example, suppose that the software engine 1806 evaluates the phonemes in 
two captured versions of the word "theatrical" and outputs averaged numerical grades 
of 90% , 92 % , 84% and 99 % for the four phonemes which comprise this speech ohject. 
The application software 1804 would receive these numerical grades and compare them 
5 with a threshold, which may be settable by the teacher at his or her workstation. In this 
example, suppose that the threshold is 80% such that this was considered by the system 
to be correctly pronounced. The application software 1804 would make this 
determination and command the GUI 1802 to output a positive reinforcer at step 1708, 
e.g., one of the educational characters saying "Good Job Ellen!". 

10 Alternatively, suppose that the first phoneme "the" in the speech object 

"theatrical" is mispronounced (i.e., below a certain threshold of identity as compared 
with the correct enunciation of this phoneme) as determined by application software 
based on its evaluation of the output of software engine 1806, but that the remaining 
phonemes are pronounced correctly. In this case, the application software 1806 can 

15 com m a n d GUI 1804 to output a repetitive reinforcer, e.g. , by having an educational 
character repronounce the word "theatrical" with emphasis on the first phoneme and/or 
displaying the word broken down into its phonemes with the first phoneme highlighted. 
As mentioned earlier, the decision-making as to the manner and stimuli in which 
examples and remedial examples are output on the part of application software 1806 can 

20 also be influenced by a student's recorded history of exercise-mistake-corrective 
example-response to enhance the learning process. For example, if this particular 
student has a recorded history of correcting mistakes with fewer iterations using audible 
emphasis for incorrecfly pronounced phonemes, then this type of remedial 
reinforcement can be provided at step 1708. Application software 1806 can also decide 

25 to perform another iteration of the flow illustrated in Figure 17 if the grades output by 
speech engine 1808 warrant retrying that particular speech object. 

Although the foregoing description has been directed to an exemplary system for 
implementing educational methods according to the present invention, one skilled in the 
art will appreciate that many other systems or variations of the system described above 

30 could readily be configured to implement an educational method according to the 
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present invention. For example, other types of memory storage devices and 
communication systems linking the student workstations to the teacher workstation 
could be readily implemented. Methods according to the present invention are also not 
limited to a single group of student terminals linked to a single teacher's workstation, 
5 but could include an entire school's workstations or more. 

Moreover, one skilled in the art will readily appreciate that emerging 
multimedia technologies and computer developments readily lend themselves to 
integration with various embodiments of the present invention. For example, expert 
systems could be used as part of the courseware so that the system develops its own 

10 questioning and remedial presentation techniques. Moreover, the advent of computer 
voice synthesis and recognition provides another alternative for both student input and 
system audio output. 

According to another exemplary embodiment illustrated in Figure 19, a 
digitizing tablet is provided for the purposes of handwriting analysis and education. 

15 Examples of processing techniques for analyzing the digital input acquired through 
tablet 190 can be found in the afore-mentioned U.S. Patent No. 5,730,602, as well as 
U.S. Patents Nos. 5,247,138 and 5,559,897, the disclosures of which are incorporated 
here by reference. The particular algorithm applied in the student's workstation 10 (or 
teacher's workstation if the digitized data is forwarded thereto through the LAN) for 

20 perfonning handwriting analysis is not particularly relevant to the discussion of the 
tablet 190 and, therefore, is omitted here. 

Unlike the tablet described in the '602 patent, tablet 190 includes a removable 
clear overlay 1900 disposed on top thereof. Overlay 1900 may be formed of a plastic 
material and is attached at one end thereof to the tablet 190. Tablet 190 also includes a 

25 display layer 1910 and a digitizing layer 1920. The display layer 1910 operates in 
conjunction with the overlay layer 1900 to provide a visible display of the student's 
handwriting efforts. "When the stylus 1930 is pressed onto the clear overlay 1900, the 
overlay contacts and adheres to the display layer 1910, resulting in a dark, visible mark 
at the point of contact. The pressure is also detected (through the display layer 1910) 

30 and translated by the digitizing layer 1920, e.g., in a manner similar to that described in 
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U.S. Patent No. 5,730,602, to provide a digital output representative of the student's 
handwriting for analysis by the student's workstation 10. As the handwriting stroke 
continues, the pressure on overlay 1900 and display layer 1910 result in a continuation 
of the dark, visible marking on the display layer. 

5 Unlike, however, the LCD/digitizing layer combination used in the tablet of 

U.S. Patent No. 5,730,602 which provides an electro-chemical display mechanism, the 
clear overlay 1900 and display layer 1910 provide a mechanically visible result. 
Moreover, the removable clear overlay 1900 can be drawn back from the display layer 
1910 to erase the dark, visible lines created thereon by the stylus pressure during a 

10 handwriting exercise. That is, removal of the clear overlay 1900 resets the display 
surface to its default color (e.g., grey) by disrupting the adherence between the clear 
overlay 1900 and the display layer 1910. Applicant believes that this particular erasure 
operation should prove to add an enjoyable component to the handwriting education 
system and method described herein. Figures 20(a)-20(c) depict exemplary design 

15 aspects of handwriting tablets according to the present invention. Note, for example, 
that according to this exemplary embodiment, that the overlay has its own frame which 
is hingedly connected to the main frame of the tablet. 

The foregoing description which sets forth exemplary preferred embodiments of 
a novel educational method and system for carrying out such a method is merely 

20 intended to be illustrative of the present invention rather than restrictive or limitive 
thereof. On the other hand, the scope of the invention is set forth in the appended 
claims which are intended to encompass what is directiy set forth therein as well as 
reasonable equivalents thereof including those expressly and implicitly set forth in the 
disclosure. 
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What is claimed is: 



1 . A digitizing tablet for use in handwriting analysis comprising: 
a digitizing layer for digitizing input from a stylus; 

a display layer, disposed on top of said digitizing layer, for displaying 
5 said input from said stylus; and 

an overlay layer, disposed on top of said display layer, which, when 
moved away from said display layer, erases said displayed input. 

2. The digitizing tablet of claim 1, wherein said overlay layer has a frame 
which surrounds a clear surface and which is attached via hinges to a frame of said 

10 digitizing tablet. 



WO 01/86612 



PCTAJS01/40686 



1/22 



DISPLAY 



KEYBOARD 



CPU 



FLOPPY 
DRIVES 



CD-ROM 



PRINTER 



HARD 
DRIVE 



AUX 
INPUT 
DEVICE 



LASER 
DISK 



.TV 
INPUT 
MODULE 



AUDIO 
INTERFACE 



STEREO 
INPUT 



LAN 
INTERFACE 



LAN 



T" 

44 



TEACHER'S 
WORKSTATION 



SUBSTITUTE SHEET (RULE 26) 



WO 01/86612 PCT/US01/40686 



2/22 



( INITIALIZE ) HQO 







ENTER 
HOMEWORK 






CORRECT 
AND SEND 






ASSIGN LESSON 
SEGMENTS 






DISPLAY 
MAIN SCREEN 







HiO 



-120 



-130 



H40 




EXECUTE 
LS 

SUBROUTINE 



142 



EXECUTE 
GAME 
SUBROUTINE 



144 



EXECUTE 
VIDEO 
SUBROUTINE 



EXEGUTE 
END 
SUBROUTINE 

3 

148 



SUBSTITUTE SHEET (RULE 26) 



WO 01/86612 



PCT/US01/40686 



( 8EGIN )H52 



3/22 



RETRIEVE /-v 
DATA AND -—(a) 
PRESENT H53 ^ 






YES 




, 178 

( r 


EXECUTE 


VOLUME ADJ 


SUBPROCESS 




i 



TRANSMIT 
DELAY MSG [H70 
TO TEAGHER 



SUBSTITUTE SHEET (RULE 26) 



WO 01/86612 



4/22 



PCTVUS01/40686 




SUBSTITUTE SHEET (RULE 26) 



PCT/US01/40686 



5/22 



PRESENTING A FIRST LESSON USING 
A FIRST STYLE /STIMULI 






PROVIDING QUESTIONS BASED 
ON THE FIRST LESSON 







-500 



-510 




520 <^ANSWERS ■CORRECT P^>^-* ^ RETURN ^ 





NO 


PRESENTING SECOND LESSON USING 
A SECOND STYLE/STIMULI 







-530 



Q CONTINUE y ~ 540 



SUBSTITUTE SHEET (RULE 26) 



PCT/0SOI/4O6S6 



6/22 



-D 
D 
D 
D 
D 
D 



CD 

P=5 
& 
O 
)— i 



EDDISH it 



SUBSTITUTE SHEET (RULE 26) 



WO 01/86612 



FCT7US01/40686 



7/22 







c 








-*-> 

cn 




o 




CD 


cd 


am 


-a 

Z3 


O 


O 


o 


CD 
CD 


-a 


CD 


H 











en 


Classroom I 


Logon Nam« 






Pr 


Pr 







SUBSTITUTE SHEET (RULE 26) 



WO 01/86612 



PCT/US01/40686 



9/22 







Form View 1 li 11 II 11 11 11 II 


Lesson Maintenance Menu 
[H] | Set Lesson Order | 


| Set Chapter Test Locations | 
pE] | Set Lesson Mastery Grades | 
|0| | Set Maximum Quiz Time ] 


| r3| 1 Edit Homework Assignments | 
[5| | Print Lesson Information | 

[Ql | return to main menu j 







SUBSTITUTE SHEET (RULE 26) 



WO 01/8C612 



PCTAJS01/40686 



10/22 





1 I* 


D 
















































D 
D 
] 
D 
] 
u 




o 






CM 


to 




to 






to 




o 










tn 






oo 












































































































1 


t commor 


| 


E 








uping the 




































"a 




I 








£ 


































E 


E 


| 


H 








c 

■s 








•c 








1 




1 
S 










Lesson Order 




B Squoring o binomial and finding the product of t 


j 6,1,6.2 Writing a number in prime factorizotion & finding 


Factoring the greatest common monamiDl factor i 


Factoring the difference between two square and 


Factoring x2+bx+c when c is greater than 0 


Factoring x2+bx+c when c is less than 0 


+ 

cn 
"C 


Factoring by removing a common binomial factor 


Factoring a polynomial completely 


Solving polynomial equations by factoring 


The practical use of polynomial equations 


Defining a rational expression and determining the 


Simplifying rational expressions 


Multiplying rational expressions 


Dividing rational expressions 


i Finding the LCD of rational expr. Sc changing frac 


Addlng and subtracting rational expressions 


Adding and subtracting polynomial and rational ex 


Simplifying complex fractions 


Dividing polynomials 


r the lessons you wish to be taught 

tially starting with 1. Be sure not to repeat 

ber or else an error will occur. 


fie lesson order 


CO 


1 

8 


in 


1*5 


1 




s 




in 


CO 
CO* 


"I 

CO 


CO 


r-" 


r-" 








r-" 


CO 




o 

i< 


Instrucl 
Numbei 
sequen 

I Done | 


2 
iS 



SUBSTITUTE SHEET (RULE 26) 



WO 01/86612 



PCT/US01/40686 



11/22 

















































I* 


D 
□ 
D 
D 
D 
D 
D 


ter Exclude 
jon from test 


□ 


n 


n 


D 


□ 


0 


□ 


n 


□ 


□ 


□ 


□ 


□ 


n 


□ 


□ 


□ 


0 


□ 


n 


□ 


0 




a £ 

1| 


D 


□ 


n 


n 


□ 


□ 


0 


□ 


n 


H 


□ 


□ 


0 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


M 


□ 


1 




21 






















CM 


CM 




CM 




CM 










CM 


HI 






Chapter Test Locations 

Lesson Lesson 

Order Name Description r 


| 1 6,1,6.2 Writing a number in prime factorization & finding the gr 


| 2 6.3 Factoring the greatest common monomial factor from a 


| 3 6,4a Factoring the difference between two square and perfc 


M 
s 

+ 

.5 
■d- 


j 5 6.4c Factoring x2+bx+c when c is less than 0 


1 


7 6.5 Factoring by removing a common binomial factor & the | 


l 8 6.6 Factoring a polynomial completely 


j 9 6,7 Solving polynomial equations by factoring | 


(10 6.8 The practical use of polynomiol equations | 


i 11 7.1 Defining a rational expression and determining the rest I 


I 12 7,2 Simplifying rational expressions 


| 13 7.3 Multiplying rational expressions I 


14 7.4 Dividing rational expressions j 


j 15 7.5,7.6 Finding the LCD of rational expr. & changing fractions t | 


16 7.7 Adding and subtracting rational expressions j 


17 7,8 Adding and subtracting polynomials and rational expre j 


18 7.9 Simplifying complex frocions i 


.19 7.10 Dividing polynomials j 


20 7.11,12 Expressing ratios in simplest forms & solving equation j 


21 7.13 Solving rational equations I 


22 8.1 Graphing ordered pairs of numbers | 


j | Set Lesson Order | | 


Check this box to generate a chapter test after this lesson 



SUBSTITUTE SHEET (RULE 26) 



WO 01/86612 



PCT/US01/40686 



12/22 



•I I 












































1* 




D 
D 
Q 
D 

a 




















































•S 


Isl 
















a 


o 


o 


Q 




o 




o 


a 












D 
D 


p 

EH 

m 
@ 
0 

m 

0 
0 

fs 

6 |B 


j Lesson Description Gn 


j 1.0 Order of Operations | ju 


| 1,1 Evaluating olgebraic expressions | 1C 


| 1.2 Writing algebraic expressions for word phrases | 1C 


f 1.3 Graphing real numbers using a number line | 1C 


| 1.4- Classifying numbers into subsets of real numbers | U 


| 1.5 Comparing and ordering real numbers ) 1C 


j 1.6 Using opposites and absolute values j 1C 


| 1.7a Adding real numbers on o number line j K 


| 1.7b,c The oddition rule of real numbers | 1C 


[ 1.8 Subtracting real numbers j 1C 


| 1.9 Multiplying real numbers \ 1C 


1.10 Dividing of real numbers | 1C 


| 2.1a Evaluating expressions using the order of operations | 1C 


2.1b Evaluating expressions containing exponents | 1C 


■ 2.1c Evaluate formutog for given volues of the variables J 10 


2.1 d Simplifying algebraic expressions by combining like terms | 10 


2.1 e Simplifying ond evaluating algebraic expressions containing grouping symbol | 10 


2.2a-d Simplifying expressions using the property of real numbers | 10 


2.2e Simplifying expressions -using the property of -1 | 10 


2,3 Translating a word phrase to algebraic expression J 10 


1 




Set the grade required on the quiz to proceed to the next lesson 



SUBSTITUTE SHEET (RULE 26) 



WO 01/86612 



PCT/US01/40686 



13/22 



♦I I 










































I* 




D 
] 
] 
] 
] 
Q 
D 


















































Time 
In minutes] 








o 


o 
m 


o 




o 






o 




ro 






o 


















































E 












I Maximum Quiz Time 


H 

na 
s 

LH 
0 
0 
□ 
0 
0 

s 
0 

0 I 
if 1 


1.0 Order 'of Operations 


1.1 Evaluating algebraic expressions 


i 1,2 Writing algebraic expressions for word phrases 


1.3 Graphinq real numbers using a number line 


I 1.4 Classifying numbers into subsets of real numbers 


1.5 Comparing and ordering real numbers 


1.6 Using opposites and absolute values 


1.7a Adding real numbers on a number line 


1.7b.c The addition rule of real numbers 


1,8 Subtracting real numbers 


1.9 Multiplying reol numbers 


1.10 Dividing of real numbers 


I 2.1a Evaluatinq expressions using the order of operations 


2.1b Evaluating expressions containing exponents 


I 2.1c Evaluate formulas for given values- of the variables 


1 2.1 d Simplifying algebraic expressions by combining like terms 


[ 2.1e Simplifying and evoluating algebraic expressions containing group 


I 2.2a-d Simplifying expressions using the property of real numbers 


I 2.2e Simplifying expressions using the property of -1 


1 




1 Set the maximum time a student may spend in the quiz 
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FIGURE 17 
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FIGURE 18 
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Fig. 19(a) 
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Fig, 20(b) 
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